Cephalic allodynia (CA) can be observed in 50-70% of patients with chronic migraine (CM).
Introduction
Cutaneous allodynia (CA) is defined as perception of pain when a non-painful stimulus is applied to the normal skin. 1, 2 Chronic migraine (CM) is diagnosed when the subject presents with more than 15 episodes of headache per month for at least three months, excluding other etiologies. 3 During an acute episode of migraine, abnormal sensitivity of cephalic extra-cranial structures may be observed in up to 80% of patients, 4 generally referred in the periorbital area. 5 The process of abnormal sensitization involving central trigeminovascular neurons is the mechanism believed to promote the underlying allodynia in migraine subjects. 6 The prevalence of CM can reach 2-4% of the population worldwide, leading to great occupational disability and reduced quality of life. 7 Subjects with CM frequently complain of CA, and previous reports have suggested its association with frequency and duration of migraine attacks. 8 The presence of CA, considered as a marker of central sensitization, may reduce the responsiveness to triptans, decreasing the threshold for recurrence of headache episodes. 9 However, growing evidence points towards a positive effect of botulinum toxin type A (Botx-A) injections in the prophylactic treatment of CM, 10, 11 with optimal response in subgroups of patients with associated allodynia and pericranial muscle tenderness. 12 The efficacy and safety of Botx-A injections in reducing pain severity during migraine attacks and frequency of headache episodes were extensively assessed in randomized placebo-controlled trials, open trials and case reports. [13] [14] [15] [16] However, to our knowledge, there is no reference in the literature whether Botx-A injections are effective in cephalic CA associated to chronic migraine. In this way, the objective of this preliminary study was to evaluate the efficacy and safety of Botx-A injections in the treatment of cephalic CA associated with chronic migraine, when compared to placebo.
Materials and Methods

Participants
This randomized placebo-controlled pilot trial was conducted in an outpatient headache clinic in Northeastern, Brazil, from January 2011 to April 2012. Subjects enrolled were men or women aged 18-85 years with previous diagnosis of CM associated with CA, according to the International Classification of Headache Disorders diagnostic criteria (edition revised, 2006). Exclusion criteria included diagnosis of neuromuscular diseases (myasthenia gravis, Eaton-Lambert syndrome and amyotrophic lateral sclerosis) and all conditions that could affect pericranial muscles. Additional exclusion criteria included other primary or secondary headaches, complicated migraine, CM associated with analgesic overuse, severe systemic diseases, other neurologic or psychiatric disorders, fibromyalgia, myofascial syndrome, temporomandibular disorder, regional complex pain syndrome or neuropathic pain. Subjects using opiates, benzodiazepines, muscle relaxants or medications that could interfere with neuromuscular function in the last four weeks prior to baseline assessments, or who have experienced previous injection of any type of botulinum toxin were also excluded. Pregnant females or lactants were excluded and potential childbearing women were required to use a reliable contraception method.
Study protocol
In this pilot study, all eligible subjects who consented to participate fulfilled a headache diary 30 days prior to baseline assessments. The questionnaire included number of headache episodes, type, frequency and dose of oral analgesics used to treat acute episodes, allodynic cephalic points and the visual analogical scale (VAS) for pain assessment. During this period, all prophylactic treatments for CM were withdrawn. The study was approved by the local ethic committee in the Federal University and all participants signed an informed consent prior to any study-related procedure. The trial protocol was registered in the site clinicaltrials.gov under the code NCT01357798.
After baseline assessments, all subjects enrolled went through a 12-week randomized, double-blind placebo-controlled follow up period, with 3 monthly pre-scheduled visits to the center. All procedures related to the study were performed during the visits. If an extra visit was necessary or elicited by the patient, the reasons and procedures performed were also recorded.
Randomization process and study intervention
Fifty-eight subjects who fulfilled the inclusion/exclusion criteria were invited to participate in the trial. Thirty-eight patients who signed the informed consent were assigned into one of two intervention groups, according to a simple random allocation sequence generated by computer. Patients and investigators who administered the study interventions and assessed the outcomes were masked to group assignments. One designated investigator who had access to the randomization list provided the study medication to the principal investigator according to the allocation list generated. Patients and investigators remained blinded to study interventions until the last study assessment, according to protocol. If necessary, for safety or ethical reasons, allocation code could be broken by the principal investigator before the end of the study.
Botx-A 100 U (Prosigne®, Cristalia, Lanzhou Institute, Beijing, China) was conserved in a freezer between −20°C and −5°C before utilization. During the first intervention visit (day 0), patients randomized in a doubleblinded way confirmed allodynic points according to their register in the headache diary and received intramuscular injections of Botx-A or saline solution. Doses applied in each muscle injected during trial visits are specified in Table 1 . Injections were administered with a syringe and 0.5 inch needle containing Botx-A diluted in 3 mL of sterile 0.9% saline solution or placebo in each point, according to the doses and sites previously determined. After injections, subjects were oriented to return for subsequent visits with 4-weeks interval, up to 12-weeks, total follow-up period (end of study). During each visit, before intramuscular injections, data on each patient were collected by a blinded investigator and registered in a standardized form (headache diary information in the previous 30 days and VAS score).
Study endpoints and safety assessments
The primary efficacy endpoint was mean change from baseline in frequency of headache episodes with allodynia to end-of-study assessments, in week 12. Secondary efficacy endpoints were mean change from baseline to end-of-study in a 12-week observation period of the following outcomes: intensity of headache pain, measured through the VAS, and frequency of analgesics use for headache (Figure 1) .
All adverse events were registered during the scheduled visits. Data regarding headache episodes such as onset and resolution date, severity (mild, moderate or severe), duration, frequency, relation with study intervention (not related, possible or probable), treatment (if required) and outcomes were assessed by a blinded investigator. Events that required hospitalization were classified as severe. Safety measures were also assessed by complete physical and neurological examination. Complementary laboratory tests were performed if necessary.
Statistical analysis
Analysis were performed at SPSS version 16.0 with all randomized patients, according to intention-to-treat protocol. Continuous variables were reported as mean ± standard deviation (SD) and comparison in several time-points was performed using the Wilcoxon rank-sum test. Categorical variables were reported as frequency (%) and were compared with the chi-square statistics or Fisher's exact test. The significance level was established at 0.05. 
Results
Demographic characteristics of the studied population
Fifty-eight subjects were considered eligible according to study protocol. However, twenty subjects were not randomized and considered in the analysis because did not sign the informed consent, due to personal reasons. Thirty-eight eligible subjects were randomized to Botx-A (n=20) or 0.9% saline solution (n=18), being 29 women and 9 men. Baseline characteristics of the studied population were summarized in Table 2 . There were no significant differences between active intervention or placebo groups in the studied population regarding mean age, number of headache episodes, pain severity as measured by the VAS or frequency of analgesic use for headache episodes.
Efficacy measures
All primary and secondary study endpoints were achieved (Table 3) , with a significant improvement in the group treated with Botx-A when compared to placebo (P<0.05).
Differences between groups were observed after the first intervention visit, favoring the Botx-A group, being more accentuated in the 8-week assessments for frequency of headache episodes associated with allodynia and VAS scores (Tables 2 and 3 ). When considering frequency of analgesic use for headache episodes, differences between groups were observed after the first intervention visit, being stable during all protocol assessments, also favoring the Botx-A group (Table 4) .
Safety assessments
A total of 16 subjects reported adverse events during the study protocol, the most common being pain in the site of injections, which were resolved without sequelae (Table 4 ). There were no severe adverse events reported in this group.
Discussion
This pilot study suggests that Botx-A injections are safety and efficacious in the treatment of cephalic CA associated with CM, leading to significant improvement in the frequency of headache episodes, use of analgesics for headache or pain severity after 12 weeks of treatment. The differences between groups were more accentuated after 8 weeks of Botx-A injections.
Patients with migraine may experience CA, reflecting the central sensitization of trigeminal pathways. 17 CA can be present in up to 60% of subjects with episodic migraine and might be associated with long disease duration and phono-or photo-phobia. 18 In addition, the presence of CA during migraine attacks may be a risk factor for the development of chronic disease. 19 Although the most accepted mechanisms of CA during migraine attacks are the hiperexcitability of trigeminovascular pathways with central involvement of neurons in the trigeminal caudal nucleus and thalamus leading to sensitization of peripheral neurons, 19, 20 skin areas outside the trigeminal territory also may be affected. 21 Several trials assessed the efficacy and safety of Botx-A in the treatment of chronic daily headache. [13] [14] [15] Studies that compared classic drugs used in the prophylactic treatment of CM, such as amytriptiline, suggested that Botx-A injections were equally efficacious, with less side effects. 22 Chronic pain improves after Botx-A injections, suggesting that one single pathophysiologic mechanism might be responsible for this result. 23, 24 As has been pointed out by some authors, Botx-A mediate 25, 26 Modulation of these substances may explain improvement in CA associated with CM in our study. Nevertheless, Botx-A injections are not associated with chronic tension type headache improvement. [27] [28] [29] In this way, it is possible that multiple mechanisms may interact to improve CA associated to CM. As far as we know, there is no placebo-controlled trial where the primary endpoint was CA associated with CM.
Conclusions
This randomized controlled trial suggests that Botx-A injections are superior to saline solution in the treatment of CA associated with CM. However, the conclusions in this pilot trial must be interpreted carefully, as the small sample size and characteristics of the studied population may limit the generalization of the results. In this way, further larger multicentric randomized controlled trials are necessary to reassure the results achieved in this study.
